In the presence of sulphaguanidine a triangular pyramid growth form changes successively to a layer type of growth which transforms to ridges and then to a polycrystalline deposit on a (100) single-crystal copper substrafe. On a polycrystalline copper surface the grain size of the deposit is affected markedly by sulphaguanidine. The change in the growth form and overpotential are explained with the help of IR and X-ray techniques.
Introduction
It is well known that addition agents are widely used in electroplating baths and that very small quantities of addition agents bring about a marked change in the physical properties of deposits [1 -3] . The mode of action of addition agents in modifying the form of electrodeposits from an acid copper sulphate bath has been studied by several workers [4, 5] . Almost all workers in the field have observed morphological and electrochemical effects [6] . In most cases only polycrystalline substrates have been used and no systematic attempts have been made to identify the compounds present in order to elucidate the ex.act function of addition agents. The central problem in the electrodeposition process is to discover the mechanism of crystal growth involving charge transfer, surface diffusion and, finally, incorporation onto the cathode surface.
The purpose of the present study was to elucidate the mechanism of degradation of sulphaguanidine during the electrodeposition of copper. With the help of IR and X-ray techniques, attempts were made to correlate the kinetic parameters such as b and i 0 and the morphology of the copper deposited onto the {100) plane from the acid sulphate bath.
Experimental
The experimental procedure has been described in detail elsewhere [7] . An atomically smooth (100) (checked by X-ray diffraction) face of copper was prepared by electropolishing in a phosphoric acid bath [8] . An electrolytic bath of composition 0.25 M CuSO4, 0.1 M H2SO 4 and a known quantity of sulphaguanidine was prepared. The deposition of copper at a given current density was carried out to a thickness equivalent to 10 C cm '~. The surface appearance of the copper eleetrodeposit was examined under a metallurgical microscope at a magnification of 544×.
In order to discover the reasons for change in the mode of growth and in overpotential during copper deposition from acid copper sulphate solutions in the presence of sulphaguanidine, the ability of sulphaguanidip.e to form a complex with copper was studied using IR spectra and X-ray diffraction (Carl Zeiss Specord by IR 75).
Results

On a polycrystalline surface
In the absence of sulphaguanidine when copper was deposited at 2 mA cm ' on a polycrystalline surface the deposit consisted of grains as shown in Fig. 1 . When the cencentration of sulphaguanidine in the bath was changed froln 10 2o to 10 i1 tool 1 1 the grain size decreased (Fig. 2) . Similar results were observed at 5, 10 and 15 mA cm '). At very high concentrations of sulphaguanidine the polycrystalline copper was highly corroded with pitting. The deposit also appeared dark reddish brown and non-uniform.
On the (lO0) plane 1. At 2 mAcm :'
A layer type of deposit was obtained in pure solution when copper was deposited on the (100) face, as observed by earlier workers. When the concentration of sulphaguanidine was 10 19 mol 1 1 the relative distance between layers decreased. At 10 18 mol 1 1 the layer growth changed to a ridge-type growth. With further increase in concentration the ridge growth became polycrystalline.
At 5 mA ern ~'
The layer growth at this current density was ahnost the same as that obtained at 2 mAcm 2. The addition of sulphaguanidine to the bath brought about the same types of change in the mode of growth as were noticed at 2 mAcm 2. When the concentration of sulphaguanidine was 10 ~9 tool 1 ~ a ridge deposit exactly perpendicular to the layer deposit was observed. On increasing the concentration to 10 18 mol 1 i large pyramids were observed (Fig. 3) . With further increase in concentration patchy non-uniform polycrystalline growth was observed. 
At 10 mA cm 2
The deposit obtained from pure solution consisted of layers and small pyramids. A layer deposit in block form was obtained in the presence of 10 20 mol 1 1 sulphaguanidine (Fig. 4) . On further increase in concentration to 10 19 mol 1 1 the layers became ridges (Fig. 5) . A ridge type of growth was also observed at 2.5 × 10 -19 mol 1 1 {Fig. 6), and at a concentration of 10 is mol 1 1 larger pyramids were noticed (cf. Fig. 3 ). With further increase in concentration the ridge growth became polycrystalline.
Overpotentials
The overpotentials at all current densities in pure solution initially increased and attained a constant value on the 1100) face, as observed by earlier workers [9] . This behaviour was also noticed at low concentrations of sulphaguanidine (10 2o reel 1 1 ). When the concentration was higher than 10 is reel 1 i there was no regularity in t, he change. When ridge growth was observed the overpotential was ahnost steady. The Tafel relation holds good only at low concentrations of sulphaguanidine 110 2o reel 1 ~). At higher concentrations it is no longer valid. The available overpotential data for the presence of low concentrations of sulphaguanidine indicate that there is no change in the mechanism of the reaction. The value of i 0 does not reflect active transfer on single-crystal and polycrystalline substrates at very high concentrations.
Discussion
In the presence of higher concentrations of sulphaguanidine the cathodic polarization is lowered. Further, it was observed that the Tafel slope and the i0 value changed in the presence of sulphaguanidine at higher concentrations. This indicates that at the current densities investigated the rate-determining step may not be charge transfer. This hypothesis is supported by IR (curve  l(d), Fig. 7) and X-ray (Fig. 8) With the help of this mechanism it can be assumed that sulphaguanidinc or a derivative in acid medium may form a complex which becomes adsorbed on the copper surface, resulting in a change in ~? and i 0. The growth sites are covered by adsorbed species. The layer tyt)e of deposit obtained in pure solution will transform to a ridge type. The step movement may be hindered by complex species during deposition so that the only direction in which the adions can move on the (100) face is the [110] direction, giving rise to the ridge deposits [11] . The change from layers to ridges is also supported by the fact that the overpotential remains the same when ridges are formed. At higher concentrations of sulphaguanidine the electrode surface may become covered by tile complex. The copper adions may nucleate and pyramids may grow at higher current densities. At low current densities, however, there will be twinning which will increase beyoPd a critical value and result in a polycrystalline deposit. Thus there will be a transformation from pyramids to layers and then to ridges and finally to polycrystalline deposits.
The Tafel relation (curves l(a) -l{c), Fig. 7 ) holds good at lower concentrations of sulphaguanidine, indicating that charge transfer is the ratedetermining step. At higher concentrations, however, the Tafel behaviour no longer occurs and the Tafel slopes do not indicate active transfer. Thus the actual mechanism may be that copper forms complexes which then undergo degradation.
The observed changes in stretching frequencies and the disappearance of NH2 stretching at 3600 cm l (curve l(d), Fig. 7 ) reveals complex formation with copper [12] . It also indicates that the ligand is attached to the metal ion through the nitrogen of the sulphanilamide group since the stretching frequency characteristic of the sulphanilamide group has been broadened.
X-ray patterns of the pure drugs {Fig. 8(a)) are amorphous and those of complexes ( Fig. 8(b) ) are crystalline in nature; there is a change in the fringe width, which also supports the suggested mechanism.
